Multipath Protocol Label Switching (MPLS) is a routing mechanism (technology) used in modern telecommunication networks, which is built as a multi-service network with a certain Quality of Service (QoS). To maintain the required QoS in such complicated networks, the Traffic Engineering (TE) should be equipped with optimum traffic management, routing mechanism, and switching operations, which are what this paper tackles, where the TE is identified as the optimal distribution of flows in the existing network. In this paper, an effective multipath routing mathematical model is developed based on several previous mechanisms to ensure the guaranteed desired QoS and loading balance according to the Telecommunication Network Systems (TCS) resources, to achieve the optimum TE, and hence improving the network usage efficiency. Moreover, the obtained mathematical optimization algorithm results are provided through the relative equations. Indeed the developed routing mathematical model in this paper is suitable for the dynamic distribution of information flows, which is the main improvement in the TE achieved in this work.
Introduction
Modern telecommunication networks of the new generation, i.e., Next Generation Network (NGN), in accordance with the trend of the global communications industry, should be built as a multi-service network with a certain Quality of group of demands is devoted for any traditional routing algorithms which are assumed to have low computational complexity, fast convergence and minimum volumes of traffic generated by the service; the second group of requirements is needed to ensure the desired QoS and load balancing TCS based on the implementation of the previously mentioned principles for the traffic management concepts. The Classification of mathematical routing models is deduced from the analytical results of [11] , which provide the main approaches to the mathematical modeling and solving the multipath routing tasks. Figure 1 shows the classifications of the mathematical models and routing algorithm, which is divided in to two models; graph combinatorial (Grafokombinatornye routing) and streaming models.
The basis of the graph models used in the mathematical description of TCS, as a directed or undirected graph, where both are using combinatorial algorithms to search for the shortest paths or multipath between any given pairs of nodes (vertices) in the network. Flow models together with the calculation of the path routs numbers are used to formalize the required user traffic distribution decision problem along these routes.
Due to the fact that the above routing algorithm requirements are regarded as contradictory; it is essentially important to propose a number of approaches for the purposes of formalization and solving multipath routing tasks based on the use of various mathematical modeling and solution algorithms, resulting in one form or another optimization problems, which is the main goal of this paper. As a result, the solution of TE for MPLS-TE networks in the framework of a mathematical model is impossible to be obtained by just one optimum path routing that can be applied for all types of routing algorithms. As a result, a hybrid approach, combining the approaches and algorithms that are typical for different routing models.
Grafokombinatornye Routing Algorithms and Models
To solve the problem of finding the shortest path for a given TCR represented as a graph algorithms i.e., Grafokombinatorny, several algorithms have been The basic idea of the Bellman-Ford algorithm is to find the first path length [14] , while Kratchayshih provided the path that contains not more than one arc in the shortest path length, and then the path that does not contain more than two arcs, etc. The chosen shortest path is the path that contains not more than h arcs will be called the shortest (≤h) means.
Assume that node 1 is the source node, and it is needed to find the length of the shortest paths from this source to the other nodes in the graph. It is known that the arc length (arc parameters) depends on the particular task and it can be both positive or negative. In the proposed scenario; the negative values can be calculated. Additionally, the path column must not be cycles. Let D i to be the length of the shortest path (≤h) from node 1 to node i, assume that D i = 0 for all h. Finding the shortest path consists of several stages. In the first stage of the algorithm; it should be:
In the subsequent steps, each time h ≥ 1 iterates Bellman-Ford
where D ij is the shortest path between the nodes i and j. The algorithm terminates when h reaches n, where n is the number of nodes in the network, i.e., in the worst case, the tree of shortest routes is given chain with length of n − 1 branches.
The shortest path in the algorithm of Bellman-Ford becomes positive is because when the lengths of all arcs are positive (initial D i conditions for i ≠ 1 may take any non-negative numbers), the iteration Equation (1) may be performed in parallel for different nodes substantially randomly, i.e., both synchronously and asynchronously.
Another widely used graph algorithm for finding the shortest path is Dijkstra's algorithm [12] [13] which allows building a tree of the shortest distances and paths from a given node to all the others. The algorithm is applicable for oriented, non-oriented and mixed network graphs. According to this algorithm, the shortest among all the shortest paths from node i is one arc length, which connects this node i to the next adjacent node. Since each path consists of several arcs; it will always be longer path than the first length of the arc due to the assumption of the positivity of the arc lengths. The next shortest among Kratchayshih ways must be a way from one arc to the next nearest neighbor node i, or the shortest route from the two arcs passing through the node selected in the first step, etc. To describe this process formally in the form of the algorithm, we assume that each node i is labeled as D i , meaning estimate the length of the shortest path from node i. when the score becomes constant, we assume that the final node is marked.
Formally, the algorithm operates as follows: Steps 1 (to find the next nearest node). Find i P ∉ , such that
put P: = P ∪ {i}. If P contains all the nodes, then the work in the algorithm ends.
Step 2 (labels update) to put all j P ∉ : min ,
Go to step 1.
Since the number of operations performed by the Dijkstra's algorithm at each step in proportion to N, where N is the number of the network nodes, and the steps iterated N-1 times, the amount of computation in the worst case is equal to N 2 , instead of N 3 , like Bellman-Ford algorithm.
The advantages of these algorithms are relatively the low computational complexity and ease of implementation. In the classical formulation of the algorithms presented problems are mainly the shortest path from the source node to any intermediating node till reaching the recipient, taking into consideration that the problem of ET routing strategy is needed, which would enable to balance the load on the network and to take into account the requirements for QoS of the processed streams. In addition, one of the requirements for routing protocols in the MPLS-TE networks is the possibility remarshrutizatsii traffic for a time not exceeding 50 ms, which implies a preliminary finding of circumvention, and (backup) paths.
As a result, the ideas contained in the Bellman-Ford algorithms and Deyktry, were developed in the mathematical models and multipath routing algorithms. 2) Selecting routes for handling loads with the same or different value; and
3) The load distribution on the selected paths are usually proportional to the matric.
A further development of the idea of using Grafokombinatornyh models are algorithms for finding the set of shortest paths to address multipath routing problem. For example, the idea of a distributed algorithm for multipath routing M-path [15] is to find the routing graph that does not contain loops and presented the set of arcs are given in Equation (5) 
where i jk D is the local value of the shortest path tree from node i to k.
Then the eliminated loops are achieved by making the following conditions which are given in Equation (7) and Equation (8): , , ,
An alternative approach to solve the problem of multi-path routing algorithm S the condition becomes as in Equation (12): In the passive state; the router takes the shortest route only from all available nodes, accordingly, the alternative routes via neighbor i q M ∈ can be selected as the primary under the conditions of Equation (13), and Equation (14):
The algorithm guarantees the absence of loops in the selection of alternative routes to node j, when the topology router can be set to switch into an active state, in which updates are exchanged by diffusion in order to find the main route.
Along with the aforementioned advantages Grafokombinatornyh models and algorithms, it is worth noting a number of important shortcomings, greatly limiting their practical implementation in today's multi-TCS, which are: First:
The 
Conclusions
The main task, which is proposed in the traffic engineering (TE) concept is the optimal loading of all sections of the network to improve the efficiency of network usage. This requirement implies the use of traffic through several mechanisms available paths network. Thus, the successful solution of the problem of engineering traffic in multiservice networks depends on the used routing mechan-
isms. An analysis of multipath routing models [11] [18] highlighted the two-class models graph and streaming. As shown by the analysis, within each class of mathematical models exist multipath models that involve free resources on the network to service the traffic. This allows more efficient use of available network resources.
Analysis of protocol solutions used in modern Tele-Communication System (TCS), showed that the practice received a graph model, implemented in the [20] in the framework of graph models, allowing you to extend the scope of these algorithms.
Using streaming routing models can distribute traffic over the network and use the resources available. Implementation complexity associated with a large amount of signal information and the potential instability of the routing algorithm for changing traffic characteristics, resulted in the absence to date of protocol implementation decisions based on this class of algorithms. At the same time, despite the lack of implementation of the protocol on the basis of flow routing models, the demands put forward to modern multiservice TCS may meet only with the use of this class of algorithms.
The proposed analysis in this paper shows that the full TE problem cannot be solved using the approaches proposed in only one of the classes, which means that the achieved solutions are either as graph [21] and [22] , although they do not take into account the possibility of flow distribution or streaming [15] and which only solves the problem of flow distribution. Obviously, for the dynamic distribution of information flows, these solutions are not suitable.
